Arterial stiffness and arterial age provide valuable prognostic cardiovascular information. The present study aimed at assessing the levels of vitamin D, high-sensitivity C-reactive protein (hsCRP), low-density lipoprotein cholesterol (LDL), and oxidized LDL (oxLDL) in a group of middle-aged hypertensive patients and their relationship with pulse wave velocity (PWV), central blood pressure, and early arterial aging (EAA), respectively. A total of 56 patients, aged 48 ± 6 years, 57% males, with hypertension and high normal blood pressure (HNBP), were investigated using a Mobile-O-Graph, to assess central and peripheral blood pressure, PWV, and arterial age. Additionally, hsCRP, LDL, oxLDL, and 25-hydroxy vitamin D3 were assessed. PWV, 25-hydroxy vitamin D3, hsCRP, oxLDL, and LDL levels were 7 26 ± 0 69 m/s, 25 99 ± 11 17 microg/l, 0 48 ± 0 44 mg/dl, 261 37 ± 421 ng/ml, and 145 73 ± 39 53 mg/dl, respectively. Significant correlations were obtained between oxLDL and pulse pressure amplification (rS = −0 347, p = 0 028) and between hsCRP and LDL levels with PWV and EAA, respectively. ROC curve analysis revealed that hsCRP is a sensitive and specific predictor of EAA and increased PWV values. Concluding, vitamin D deficiency and increased hsCRP and LDL values are very common, and high oxidized LDL is related to pulse pressure amplification in patients with elevated blood pressure. Vitamin D level and high-sensitivity C-reactive protein and LDL provide valuable information in middle-aged hypertensive and HNBP patients related to arterial stiffness and early arterial aging, but only hsCRP is a sensitive predictor of EAA and PWV.
Introduction
Cardiovascular disorders are leading causes of death worldwide, and Romania was considered a high-cardiovascularrisk country according to the guidelines of the European Society of Cardiology [1] . Early detection of cardiovascular risk and subclinical atherosclerosis should represent a priority, along with the detection of new cardiovascular active substances. Arterial stiffness and arterial age provide valuable prognostic cardiovascular information [2] . Arterial stiffness, the expression of impaired arterial elasticity, may be assessed using pulse wave velocity (PWV) or the augmentation index (AI). AI is a wave reflection parameter and an indirect biomarker of arterial stiffening [3, 4] , while arterial age represents the chronological age of a person with all risk factors at normal levels and the same 10-year predicted risk [5] .
Vitamin D is essential not just for musculoskeletal health, considering that low 25-hydroxy vitamin D levels were frequently associated with an increased risk of cardiovascular events, including stroke and heart failure [6] [7] [8] [9] . C-reactive protein, an acute phase reactant and a marker of chronic low-grade inflammation, can predict cardiovascular events and was mentioned as the only circulating biomarker related to vascular wall biology [3, 10, 11] . High-sensitivity CRP (hsCRP) is a better predictor of vascular disorders than CRP. LDL cholesterol and oxidized LDL favor the formation of the foam cells and the development of the atherosclerotic plaque. There is a continuous relationship between blood pressure and cardiovascular events, and diagnosis of hypertension also requires evaluation of cardiovascular risk factors.
Considering the importance of prophylactic measures in hypertension, the present study aimed at assessing the levels of several laboratory biomarkers such as vitamin D, highsensitivity C-reactive protein, LDL, and oxidized LDL (oxLDL) and their impact on pulse wave velocity, central blood pressure, and early arterial aging (EAA), respectively, in a group of middle-aged patients with hypertension and high normal blood pressure.
Materials and Methods

Study Population.
A total of 56 consecutive hypertensive and HNBP patients, recruited from the Military Hospital Timisoara, were investigated during the period of July 2016-March 2017. All patients underwent investigation using a Mobil-O-Graph, and biochemical measurements were performed on the same day. Data about cardiovascular risk factors, diagnosis, and therapy were collected from medical records.
Patients aged between 18 and 55 years, with essential hypertension, both treated as well as uncontrolled patients, and high normal blood pressure, were included. Essential hypertension and high normal blood pressure were diagnosed according to the European criteria [12] . Cardiovascular risk in hypertensive patients was evaluated according to the criteria of the European Society of Cardiology, considering the number of cardiovascular risk factors, hypertensionmediated organ damage, and chronic kidney disease [12] . Patients with secondary hypertension, atrial fibrillation, diabetes mellitus, history of coronary heart disease, myocardial infarction, stroke, transient ischemic attack or peripheral arterial disease, systemic inflammatory processes, active infections, trauma, and therapy with statins were excluded.
The investigations conformed to the principles outlined in the Declaration of Helsinki and were approved by the "Victor Babes" University. Written informed consent was obtained from each study participant, and the objectives and procedures of the study were explained to each patient included in the study.
Biochemical Measurements.
Blood was drawn after an overnight fast. Serum levels of 25-hydroxy-cholecalciferol, high-sensitivity C-reactive protein, LDL, and oxidized LDL were measured. LDL was assessed using a photometric method, a Siemens Advia 1800 analyzer, and Siemens LDL cholesterol reagents. An ELISA method and Immundiagnostik reagents were used for oxidized LDL. 25-Hydroxycholecalciferol and high-sensitivity C-reactive protein were assessed using liquid chromatography and immunophelometry, respectively. The thresholds used for defining normal/abnormal values for the various laboratory variables were provided by the laboratory.
2.3. Mobil-O-Graph. Pulse wave velocity (PWV), augmentation index and pressure (AI, AP), arterial (vascular) age, and central and peripheral blood pressure were assessed using a Mobil-O-Graph (IEM GmbH, Stolberg, Germany), a noninvasive, validated device.
The measurements were made after 10 minutes of rest, in supine position, using different cuff sizes, and considering the arm circumference. The participants were not allowed to smoke, eat, or drink coffee or alcohol 4 hours before the recording and speak or move during the measurements.
Mobil-O-Graph enables brachial blood pressure measurement, followed by the reinflation of the cuff and recording of pulse waves, with a high-fidelity pressure sensor [13] . After measuring systolic, diastolic, and mean arterial pressure, the software enabled the reconstruction of the aortic pulse wave using a generalized transfer function [13] . Wave separation analysis enabled decomposing the aortic pulse wave into forward-traveling (incident) and backwardtraveling (reflected) pulse waves and allowed calculating the augmentation pressure (AP), augmentation index (AI), and PWV. AP was assessed as the difference in pressure of the reflected wave minus pressure of the forward-traveling wave of the systolic phase of the pulse wave [13] . Central systolic blood pressure (cSYS), central diastolic blood pressure (cDIA), and central pulse pressure (cPP) were also calculated by the device.
AI was defined as the ratio of AP to aortic pulse pressure, indicating the augmentation component of aortic SBP due to the premature arrival of the reflected wave [13] . PWV was estimated from the reconstructed aortic pulse waveform via mathematical models, considering impedance and age [13] .
The significance of the variables was also described in previous studies [14] . PWV and AI were considered increased if they exceeded the normal values for the patients' ages according to the device manufacturer, and pathological values were shown by the device (Figure 1 ). Pulse pressure amplification, defined as cPP/PP [15] , was calculated separately. Early arterial aging was considered when arterial age was higher than the biological age.
Statistical Analysis.
Categorical data are given as numbers and percentages; continuous data are given as means ± standard deviation. Bravais-Pearson's, Kendall's, and Spearman's correlations and ROC curve analysis were used as statistical methods. Nonparametric correlations were used especially for assessing the correlation between a dichotomous variable and a continuous variable. Analyses were performed using IBM SPSS Base Edition.
Results
Characteristics of the Study Population.
The subjects included in the study were middle-aged (48 ± 6 years), and most of them were male (57%). The baseline characteristics of the study population are included in Table 1 .
Vitamin D deficiency and insufficiency, defined as serum levels < 20 microg/l and <30 microg/l, respectively, were very common in the study population, as well as increased hsCRP and LDL values ( Table 2) . Vitamin D deficiency and insufficiency were defined according to the reference values provided by the laboratory.
Correlations.
Correlations were calculated for all variables mentioned in the study objectives, both in a continuous fashion and after categorization. However, no significant correlations were obtained between vitamin D level and pulse wave and blood pressure variables. High-sensitivity C-reactive protein was significantly correlated with early arterial aging, PWV, and pulse pressure amplification (Table 3) . LDL cholesterol levels correlated with central systolic and diastolic blood pressure, PWV values, and pulse pressure amplification (Table 3) . No significant correlations were obtained between cardiovascular risk (low to very high) assessed according to the criteria of the European Society of Cardiology [12] and vitamin D level, high-sensitivity C-reactive protein, LDL cholesterol levels, and oxidized LDL.
3.3. Receiver-Operating Characteristic (ROC) Curve Analysis, Sensitivity, Specificity, and Positive and Negative Predictive Values. ROC curve analysis revealed hsCRP as a sensitive and specific test for EAA and pPWV (Figures 2 and 3) . The cut-off value for hsCRP was higher for predicting an increased pulse wave velocity than early arterial aging (Table 4) .
Vitamin D, LDL, and oxidized LDL were not revealed as sensitive markers for EAA or PWV according to ROC curve analysis (Table 5) .
Further testing revealed important negative predictive values for low vitamin D, oxidized LDL, and hsCRP levels in predicting pathological PWV values and for hsCRP in predicting EAA (Table 6 ). Oxidized LDL showed good specificity in predicting PWV and EAA, and high-sensitivity C-reactive protein exceeding 0.100 mg/dl, also a good specificity (Table 6 ).
Discussion
The present study reports that low vitamin D levels and increased hsCRP and LDL values are very common in middle-aged hypertensive and HNBP patients; correlations were also found between pulse wave velocity and early arterial aging with high-sensitivity C-reactive protein and LDL cholesterol levels, respectively. However, only hsCRP was found as a sensitive predictor of early arterial aging.
Conflicting results have been previously published regarding the relationship between vitamin D level, vitamin D supplementation, and arterial stiffness [16, 17] . Several studies revealed associations between vitamin D level and PWV [18] [19] [20] [21] , but other authors found no significant association between vitamin D concentrations and markers of subclinical atherosclerosis [22, 23] . The present study found no significant correlation between vitamin D level and PWV but revealed a good negative predictive value of vitamin D level for pathological PWV values. The link between vitamin D deficiency and hypertension can be explained by the activation of the renin-angiotensin-aldosterone system, increasing the vascular tone due to the release of angiotensin II [24] . Vitamin D is also involved in the downregulation of the renin gene expression [25] . Vitamin D has also pleiotropic effects on the immune system and suppresses the low-grade inflammation in the cardiovascular system [17, 26] . Other important pathophysiological vasculoprotective mechanisms by which vitamin D supplementation reduces arterial stiffness include improvement of the endothelial function, suppression of endothelin-induced vascular smooth muscle cell proliferation, effects on calcium metabolism and PTH level, counterbalancing of oxidative stress, and improvement of carbohydrate metabolism and insulin sensitivity [27] [28] [29] [30] [31] [32] [33] . Related to oxidative stress, vitamin D activates several genes encoding for antioxidant and detoxifying enzymes [25] . The accumulation of calcium in the vessel walls increases arterial tone and arterial stiffness in hypertension [34] . However, no significant correlations were obtained in our study between vitamin D level and hsCRP or oxidized LDL, respectively.
25-Hydroxy vitamin D and not 1,25-dihydroxy vitamin D was assessed in the present study because 25-hydroxy vitamin D is a nutritional parameter of vitamin D status, the primary circulating and storage form of vitamin D, and a reliable, available marker of low vitamin D levels able to bind to vitamin D receptors [18, 35] .
Several mechanisms link inflammation and arterial stiffness, considering the effect of inflammation on the arterial endothelium, nitric oxide (NO), and smooth muscle cells and considering its ability to change the composition of the extracellular matrix, to breakdown elastin, and to enable the calcification of the vessel wall [36] . hsCRP was associated with arterial stiffness in some studies [3, [37] [38] [39] [40] , but other studies did not find any association [41] . Kim et al. reported significant associations between hsCRP and arterial stiffness independent of age, systolic blood pressure, gender, heart rate, glucose, lipid profiles, and therapy in treated hypertension [38] . The present study found significant correlations and associations between hsCRP and PWV, EAA and pulse pressure amplification, respectively. High-sensitivity Creactive protein was the only sensitive predictor of early arterial aging and elevated PWV, with a higher cut-off value for predicting increased pulse wave velocity than early arterial aging (0.446 vs. 0.388). Significant correlations were obtained in the present study between hsCRP and LDL130 (exceeding 130 mg/dl) (rK = 0 219, p = 0 049; rS = 0 266, p = 0 048). High-sensitivity C-reactive protein, a marker of low-grade inflammation, was also associated with deep white matter lesions, ischemic stroke, and heart failure LDL=low-density lipoprotein; hsCRP=high-sensitivity C-reactive protein. [42, 43] . On the other hand, arterial stiffness was significantly associated with ischemic stroke after adjusting for cardiovascular risk factors [44] . Non-HDL cholesterol was reported as a good predictor of the risk of increased arterial stiffness in postmenopausal women in an urban Brazilian population [45] . Kim et al. reported a modest increase in arterial stiffness due to dyslipidemia only in women [46] . Increased LDL levels correlated with central systolic and diastolic blood pressure, PWV, and pulse pressure amplification in the present study, regardless of gender.
Oxidized LDL was associated with pulse wave velocity in patients with renal failure [47] and in healthy persons between 45 and 69 years old [48] ; it was also associated with the augmentation index in obese children and adolescents [49] . In the present study, oxLDL correlated with pulse pressure amplification (rS = −0 347, p = 0 028). A high specificity and negative predictive value were obtained for oxidized LDL in predicting pathological PWV.
Pulse pressure amplification, the ratio between central and peripheral pulse pressure, is related to an increase of pulse pressure (PP) amplitude as pressure waves propagate distally in the vessel network and is a measure of arterial elasticity [50, 51] . Changes in PP amplification are associated with traditional cardiovascular risk factors, including hypertension [52] . In our study, oxLDL, elevated hsCRP, and LDL values significantly correlated with PP amplification.
The most important study limitations include the crosssectional study design, which does not provide any data about the cause-effect relationship, the relatively small sample size, and not considering the duration of daily sun exposure, which is important for vitamin D synthesis. Further larger studies are needed to demonstrate if vitamin D level, hsCRP, LDL, and oxidized LDL play important roles in the development of increased arterial stiffness and early arterial aging in hypertensive patients and to reveal their relationship with cardiovascular events, such as stroke and heart failure in hypertensive patients. A power analysis, using PASS 2019, was conducted before the study to determine the sample size needed for the present study, and we do not expect changes in the results by increasing the sample size. A minimum sample size required for Bravais-Pearson's and Spearman's correlations was 35 participants (desired statistical power: 0.8; correlation coefficient: 0.4). The required sample size for an area under the curve (AUC) of 0.7 and power and alpha of 0.75 and 0.15, respectively, was 52. One reading was made for each study participant for PWV, AI, and AP using the Mobil-O-Graph, which might be considered as another study limitation; however, earlier measurements provided by the same device demonstrated good reproducibility. According to Table 1 , average blood pressure values are not impressive (137/91 mmHg) and PWV is not very high (on average 7.26 m/s). However, the population is proper for the study purpose, considering that PWV was increased for age in 21.4% of the participants and high normal and grade 1-3 hypertension patients were included, with both high and low cardiovascular risks. The cut-off values for increased PWV were provided by the Mobil-O-Graph considering age, and they were lower than those recommended by the European Guidelines (a threshold of 10 m/s for pathological values) [53] . The latter should emphasize the prophylactic character of the present study.
Our study is the first one comparing the predictive value of vitamin D, LDL, oxidized LDL, and hsCRP for arterial stiffness and early arterial aging, demonstrating a high sensitivity only for hsCRP, and revealing, for the first time, as far as we know, a correlation between pulse pressure amplification and oxidized LDL level. The findings of the present EAA=early arterial aging; PWV=pulse wave velocity; pPWV=pathological pulse wave velocity (increased for age); cSYS=central systolic blood pressure; cDIA=central diastolic blood pressure; hsCRP=high-sensitivity C-reactive protein; CRP100=high-sensitivity C-reactive protein exceeding 0.100 mg/dl; CRP300=high − sensitivity C − reactive protein > 0 300 mg/dl; LDL100=LDL > 100 mg/dl; LDL130=LDL > 130 mg/dl; LDL160=LDL > 160 mg/dl; oxLDL=oxidized LDL. study have clinical implications, considering the prognostic importance of increased arterial stiffness and early arterial aging for cardiovascular risk. hsCRP, LDL, and oxidized LDL can provide valuable information related especially to large vessels, arterial age, and cardiovascular risk in treated hypertensive patients. Hypertension is a state of low vitamin D level, oxidative stress, and low-grade inflammation. Further larger followup studies are needed in hypertensive patients to confirm the findings of the present study and to correlate the collagen content of the arterial wall with vitamin D level, high-sensitivity C-reactive protein, LDL, and oxidized LDL level, in order to confirm their role as cardiovascular active substances.
Conclusions
Concluding, low vitamin D levels and increased hsCRP and LDL values are very common in middle-aged hypertensive and high normal blood pressure patients, and they provide, along with oxidized LDL, valuable information about vascular function. However, only high-sensitivity C-reactive protein level is a sensitive predictor of increased arterial stiffness and early arterial aging.
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